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1. INTRODUCTION

ABSTRACT

The circular economy (CE) model offers solutions to prevent environmental and ecological
degradation, aiming for sustainability. This study aims to analyze CE awareness among ar-
chitects in Tiirkiye. A descriptive research approach was conducted using a structured survey
to determine architects' awareness of CE principles and strategies in the built environment.
Based on the survey data, explanatory research was undertaken to explore the relationships
between variables, test the proposed hypotheses, and provide more precise insights. The study
found that architects in Tiirkiye have a low level of knowledge about CE but demonstrate
a high level of positive attitude towards CE. The knowledge gap is particularly pronounced
among architects with undergraduate education. Furthermore, as architects' knowledge of
CE increases, their attitude toward CE becomes more positive. The study also revealed that
architects' work experience or their area of practice in architecture significantly influences
their CE awareness. These findings suggest that the understanding of CE among architects
in Tirkiye could be substantially improved, particularly if architects with a bachelor's degree
enhance their knowledge of CE. Universities, local authorities, NGOs, and other construction
professionals can use this study's results to assess the current state of architects' CE awareness.
The study sheds light on an underexplored area in the construction industry in Tiirkiye. It con-
tributes to the CE literature in Tiirkiye by providing comprehensive information on architects'
awareness of CE in the built environment.

Cite this article as: Deniz, O. S., & Oguz, Z. M. (2025). Analyzing the knowledge and attitudes
of architects in Tiirkiye on circular economy in the built environment. J Sustain Const Mater
Technol, 10(1), 79-92.

and threatens the Sustainability of the built environment,
has been challenged by the Circular Economy (CE) model,

In the construction sector, which accounts for a signif-
icant share of material and energy (resource) consumption
as well as waste generation (construction, repair, and demo-
lition waste) worldwide [1-4], the commonly used produc-
tion and consumption approach is described as "take, make,
waste" (Linear Economy). This approach, which has neg-
ative environmental impacts on the earth and ecosystem
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which is gaining growing attention [5-10].

CE is a restorative and regenerative model designed
to maintain products, components, and materials at their
highest utility and value by differentiating between techni-
cal and biological cycles [11, 12]. The CE model incorpo-
rates a regenerative production and consumption process
that minimizes raw material inputs, waste generation, car-
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Table 1. R frameworks with specific strategies developed to implement the CE model in different sectors

R Frameworks  Strategies References
3R Reduce, Reuse, and Recycle Kirchherr et al. [19]; Tserng et al. [74]
4R Reduce, Reuse, Remanufacture and Recycle
5R Rethink, Reduce, Reuse, Repair and Recycle Tserng et al. [72]
6R Reduce, Reuse, Recycle, Recover, Redesign and Remanufacture ~ Wijewansha et al. [14]; Amudjie et al. [55]
9R Refuse, Reduce, Reuse, Repair, Refurbish, Remanufacture,
Repurpose, Recycle and Recover
10R Refuse, Rethink, Reduce, Reuse, Repair, Refurbish, Reike et al. [20]; Vermeulen et al. [21]; Mrad &

Remanufacture, Repurpose, Recycle and Recover

Ribeiro [24]

CE: Circular Economy.

bon dioxide emissions, and energy losses by slowing, nar-
rowing, and closing material and energy cycles [13, 14].
This model provides innovative solutions to reduce waste
and enhance product reuse in the construction sector, sup-
porting sustainable building practices [15-18]. Research-
ers and practitioners have proposed various strategies for
conceptualizing the CE model. These strategies, commonly
known as "R Frameworks," provide a "structured and de-
tailed approach to analyzing and implementing the model
across various sectors [19-24] (Table 1).

The implementation in the construction sector, which
is still in its early stages, has primarily focused on recycling
construction and demolition (C&D) waste, with compara-
tively less emphasis on product reuse [25-28]. However, the
construction sector holds significant potential for enabling
the selection of environmentally friendly, durable, adapt-
able, and demountable products [4, 29, 30].

By integrating the CE model into the construction sec-
tor, buildings and components with high sustainability po-
tential can be produced. A "Circular Building (CB)" can be
defined as a sustainable building type designed and con-
structed according to Circular Economy (CE) principles
and strategies, incorporating both technical and biologi-
cal cycles to maintain buildings and their components at
their highest value and longest lifespan. Circular Bumost
Extended utilizes materials, components, and technologies
that minimize natural resource and energy consumption
while reducing waste generation and environmental impact
throughout the entire lifecycle. A CB represents a building
system designed to be developed, used, and reused without
consuming unnecessary resources, polluting the environ-
ment, and degrading ecosystems [3]. Although knowledge
and applications of CBs are still in their early stages, they
are being researched and implemented in various countries.

Transforming the current linear economy paradigm in
the built environment into a Circular Economy (CE) par-
adigm requires the active involvement of relevant stake-
holders [31]. Architects are among the key actors who can
significantly contribute to the implementation and ad-
vancement of the CE model in the building sector, helping
to mitigate the negative impacts of the built environment
[32, 33]. A building's capacity to recover products and
reuse resources at the end of its lifecycle is strongly influ-
enced by the decisions made by architects [34, 35]. As such,

architects play a critical role throughout the building's life-
cycle, including the design, construction, occupancy, and
end-of-use phases.

A significant barrier to architects implementing Cir-
cular Economy (CE) principles in the built environment
is their lack of awareness [28, 32, 36]. A sufficient level of
CE awareness is essential for architects to effectively ap-
ply this new paradigm in the built environment and make
informed decisions aligned with CE principles. In other
words, for architects to successfully design and construct
buildings in accordance not only be aware of CE but also
care about and identify the strengths and weaknesses of CE
awareness, better understand the challenges and barriers,
address deficiencies, and improve current performance, it
is crucial to thoroughly investigate and assess architects'
knowledge of and attitudes toward CE. A review of the lit-
erature addressing the question, "What is the level of CE
awareness among architects?" reveals various studies mea-
suring the approaches of stakeholders (e.g., users, owners,
architects, producers, etc.) toward CE in the production of
the built environment, as well as their awarenesses, percep-
tions, opinions, and attitudes [10, 28, 37-54]. These studies
generally address stakeholders' awareness of specific issues,
such as demolition management and recycling, within
the CE paradigm rather than comprehensively assessing
awareness of CE principles and strategies. Some research-
ers suggest that awareness of CE among stakeholders in the
built environment is moderate [32, 33, 55], and problems,
such as limited knowledge about CE in practice, persist
[28, 36]. Research also indicates that key barriers to im-
plementing CE principles and strategies include a lack of
incentives, insufficient legal regulations, and inadequate
knowledge [28, 36].

The literature review found very few studies on CE
awareness in the production of the built environment in
Tiirkiye. A survey conducted with architecture students in
Tekirdag revealed that students' CE awareness was insuf-
ficient [56]. Another study on CE awareness in the Inegol
furniture sector suggested that the sector's awareness is
limited and the full scope of CE is not sufficiently known
[57]. However, these studies did not address the awareness
of architects. In a survey study conducted to reach a general
opinion on the awareness of architects in Istanbul regarding
CE and CB, the data collected on the knowledge, attitudes,
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and behaviors of architects on this issue were reported as
rate, percentage, frequency, and average [58]. However,
presenting the awareness levels of architects on CE, a new
and not very well-known model, using only descriptive sta-
tistical values is insufficient to understand the factors and
reasons that are effective in the obtained results. Analyses
and evaluations based on causal relationships between the
relevant variables in determining the CE awareness of ar-
chitects may help reveal the subject's problematic factors
and explain these factors. Therefore, in this study, to mea-
sure the awareness levels of architects and identify deficien-
cies and inadequacies, a path that describes the relationship
and interactions of their context with their knowledge and
attitude levels was followed. Architects' demographic char-
acteristics, such as age, education level, working time, and
working area, maybe the context (variables) that affect and
determine their knowledge and attitudes related to CE. Re-
search on the relationship between awareness levels and de-
mographic characteristics in various fields generally shows
that demographic characteristics affect awareness [59-66].
These studies provide important insights into how demo-
graphic characteristics can affect people's levels of aware-
ness and how the relationships between demographic char-
acteristics and levels of awareness can change. Thus, this
study was conducted within the framework of the hypoth-
esis that the differences in the demographic characteristics
of architects in Tiirkiye, such as their age, level of educa-
tion, length of time working as an architect, and the areas in
which they work as architects, may also lead to differences
in their awareness of CE.

The main objective of this research is to identify the
effects of architects' demographic characteristics on their
knowledge and attitudes towards CE. The study analyzes
the knowledge and attitudes of architects in Tiirkiye regard-
ing CE, considering their demographic characteristics (age,
education level, working period as an architect, working
area as an architect). The study followed a method to mea-
sure architects' knowledge and attitude levels toward CE
and explain the relationships between these levels and their
demographic characteristics.

Within this framework, the study addresses the follow-
ing questions:

1. Does the increase in the level of architects' knowledge
about CE significantly increase the level of attitudes to-
wards CE?

2. Does the age of the architects affect their CE knowledge
level and attitude level?

3. Does the education level of architects affect their CE
Knowledge level and CE Attitude level?

4. Does the working duration of architects as an architect
affect their CE Knowledge level and CE Attitude level?

5. Does the working area of architects as an architect affect
the CE Knowledge Level and CE Attitude Level?

The information obtained from the answers will be es-
sential for architects, as decisive actors in the production
of the built environment, to explore various aspects of CE
and to improve their performance in implementing circu-
lar designs.

2. MATERIALS AND METHODS

2.1. Research Approach

A descriptive study assessed architects' knowledge and
attitudes toward CE principles and strategies within the
built environment. Data were collected through an on-
line survey, employing a convenience sampling method to
quickly and efficiently gather responses. Additionally, an
explanatory research method was applied to uncover rela-
tionships between variables, test the proposed hypotheses,
and identify root causes to provide comprehensive and ac-
curate insights [67].

The descriptive research phase included face-to-face
interviews with eight experienced architects from diverse
professional backgrounds. Semi-structured questions were
used to explore their awareness of Sustainability, circular
economy (CE), and circular building (CB) concepts. These
interviews aimed to identify gaps and refine the survey ques-
tions, generate new ideas, and support the development of
an effective and well-structured online survey framework.
Based on the insights from the interviews, two question-
naire scales were developed to measure architects' knowl-
edge and attitudes toward CE. A comprehensive, structured
survey was then conducted using these scales. During the
scale development and survey design, a thorough literature
review was undertaken to emphasize key CE principles and
strategies relevant to the built environment.

The study collected data on architects' Level of Knowl-
edge about CE and Level of Attitude toward CE. Simple Lin-
ear Regression analysis was performed to examine whether
a significant relationship exists between these two variables.
Subsequently, a Multivariate Analysis of Variance (MANO-
VA) test was conducted to evaluate the influence of demo-
graphic characteristics (e.g., age, education level, working
period as an architect, and working area as an architect)
on the Level of Knowledge and Level of Attitude variables,
as well as the strength of these effects. Finally, the findings
were analyzed to draw meaningful conclusions and provide
actionable insights.

2.2. Research Model
In this study, which investigates the relationship and
effect levels between variables, the research variables and
hypotheses were formed based on a review of the literature,
prevailing assumptions, and the context of the study:
Dependent Variables
o Level of Architects' Knowledge about CE (KLCE),
o Level of Architects' Attitude towards CE (ALCE).
Independent Variables
o Age of Architects,
+ Education Levels of Architects,
o Working Period of Architects as Architect,
o Working Areas of Architects as Architect.
Research Hypothesis
H1: Increasing an architect's knowledge level score about
CE significantly increases their attitude toward CE.
H2: The age of an architect significantly affects their KLCE
and ALCE scores.
H3: The educational level of an architect significantly affects
their KLCE and ALCE scores.
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H4. The working period of an architect as an architect sig-
nificantly affects their KLCE and ALCE scores.

H5: The working area of an architect as an architect signifi-
cantly affects their KLCE and ALCE scores.
The research model is presented in Figure 1.

2.3. Population and Sample

The research population consists of the architects in
Tiirkiye, with the sample comprising 220 architects regis-
tered with the TMMOB Chamber of Architects. As of 2023,
the total number of architects registered with the TMMOB
Chamber of Architects in Tiirkiye reached 80,789 [68].
Considering the confidence level of 85% and the margin of
error of 5%, the sample of 220 registered architects is con-
sidered sufficient for the representation of the population
of this study.

2.4. Data Collection Instruments

A structured survey was used as this study's primary
data collection tool and administered online. The survey
link was distributed to members via the TMMOB Istanbul
Chamber of Architects website. On 29/08/2023, the survey
was sent to 3,399 members, and in 2023, it was sent to add
members. The survey was also shared with all faculty mem-
bers of the Department of Architecture at MSGSU and sev-
eral social groups comprising architects. Ethical approval
for the survey was obtained, and the details are shared in
the Acknowledgements section.

The survey is divided into three sections: demograph-
ic characteristics of the architects, their level of knowledge
about their attitude toward developing the survey data de-
veloped using face-to-face interviews with architects, and
an extensive literature review. Furthermore, the survey
items were developed with input from experts in survey
design. While creating the scale items, it was prioritized
to measure the awareness of CE principles and concepts
during the life cycle of a building. The first step involved
analyzing the CE principles and strategies throughout the
life cycle of a building (Table 1) [10, 11, 19, 28, 55, 69-76].
The CE principles, strategies, and concepts derived from
the literature are summarized in Table 2.

Knowledge Attitude

Working
Area

Education
Level

Period

Figure 1. The research model.

In this study, two survey scales were developed to de-
termine the knowledge and attitudes of architects towards
CE: Scale for Determining Architects' Level of Knowledge
about CE (KLCE Scale) and Scale for Determining Archi-
tects' Level of Attitudes Towards CE (ALCE Scale).

2.5. Scale for Determining Architects' Level of

Knowledge about CE (KLCE Scale)

The KLCE scale consists of items that determine the ar-
chitects' knowledge of CE. In developing these items, the
basic concepts of the CE model about the built environment
were prioritized. First, the CE principles and strategies that
can be applied in the life cycle of the building (Table 2) were
analyzed, and based on this, basic CE concepts that can ex-
plain the subject of CE and are suitable for the research con-
text were identified. Then, based on the face-to-face inter-
views with the architects, a KLCE scale was developed. The
scale consists of 8 items that address CE concepts and mea-
sure architects' knowledge of relevant CE principles and
strategies. The KLCE scale includes closed-ended items,
each offering six response options. Five of these options use
a Likert scale, while a "no answer" option was provided for
participants who chose not to respond.

A total of 220 architects participated in the survey. Ex-
ploratory Factor Analysis (EFA) was conducted to assess the
construct validity and factor loadings of the KLCE scale—

Table 2. Key CE principles and strategies that can be considered at different stages of the building life cycle

Life Cycle Stage Principles And Strategies

Building Design Phase

Design for disassembly; Design for flexibility and adaptability; Waste-free design; Modular design; Use

of second-hand (recovered) products in design; Use of recycled materials in design.

Product Design and
Production Phase
products.

Building Construction/
Assembly Phase

Building/Product Use and
Upgrading Phase

recycled products.

and building products.

Building/Product End-of-
Use Phase

Minimum (less) use of materials; Optimization of material use; Minimum (less) use of hazardous/toxic
materials; Life extension/durability; Design for product disassembly; Product standardization; Reuse of

Minimization of construction waste; Procurement of reused (second-hand) products; Procurement of

Minimization of construction waste; Minimal (less) maintenance of building and building products;
Easy repair and improvement of building and building products; Flexibility/adaptability of building

Minimization of constructional waste; Deconstructability of the building; Dismountability of products;
Reuse of products; Recycling of products.

CE: Circular Economy.
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Table 3. Results of factor loading analysis of the KLCE scale

Items

Factor Loadings

K1 My knowledge of the Circular Economy
K2 My knowledge of flexible/adaptable building

K3 My knowledge about easy and undamaged dismantling (disassembly) of building

K4 My knowledge about the reuse of building elements/components

K5 My knowledge about processing and recycling of building components/materials

K6 My knowledge about the building is that it requires minimal maintenance and can be easily repaired

K7 My knowledge about the building that generates mini construction waste

K8 My knowledge of recovery of construction sites
Eigenvalue

Variance Explained

0.642
0.732
0.769
0.825
0.834
0.812
0.809
0.807
4.879
60.993

KLCE: Level of Architects' Knowledge about CE.

the EFA process employed principal components analysis
and direct noblemen rotation methods. The Kaiser-Mey-
er-Olkin (KMO) measure of sampling adequacy was calcu-
lated as 0.903. A KMO value exceeding 0.90 is categorized
as "excellent" for EFA suitability [77, 78]. Additionally, Bart-
lett's Test of Sphericity yielded x*(28)=1001.372, p<0.05,
indicating that the correlations among the items were suffi-
ciently strong to justify conducting EFA.

The EFA results revealed that the KLCE scale, com-
prising eight items, had a unidimensional structure (single
factor). This factor accounted for 60.993% of the total vari-
ance. According to the literature, a scale is considered to
meet the conditions for EFA validity if the total variance
explained exceeds 50% and the factor loadings of the items
are more significant than 0.450 [79]. Based on the data ob-
tained during the EFA process, it was concluded that the
KLCE scale possesses valid psychometric properties. Table
3 presents the distribution of the KLCE scale items accord-
ing to their respective factor loadings.

Cronbach's Alpha reliability analysis was performed to
assess the reliability of the KLCE scale. The analysis study
cited a reliability coefficient of a=0.906 for the 8-item scale.
According to George and Mallery [80], a Cronbach's Al-
pha value of a > 0.90 is categorized as "excellent" reliability.
Based on these findings, the KLCE scale is deemed a valid
and reliable measurement tool. Table 3 presents the distri-
bution of the KLCE scale items according to their respec-
tive factor loadings.

2.6. Scale for Determining Architects' Attitudes

Towards CE (ALCE Scale)

The ALCE scale assessed architects' views and opinions
on Circular Economy (CE) principles and strategies. The
primary aim in developing the items was to capture archi-
tects' attitudes regarding the significance and necessity of
integrating CE principles and strategies. To achieve this,
the CE principles and strategies applicable throughout the
entire life cycle of a building were first explored (Table 2).
Based on these investigations, the core CE principles and
strategies relevant to the research context were identified.
Subsequently, through face-to-face interviews with archi-

tects and a review of pertinent literature, a 15-item ALCE
scale was developed to measure architects' attitudes toward
these CE principles and strategies. The ALCE scale consists
of closed-ended items, each offering six response options.
Five of these options are based on a Likert scale, and an
additional 'no answer' option was provided for participants
who did not wish to respond to a particular question.

A total of 220 architects participated in the survey, and
exploratory factor analysis (EFA) was conducted to assess
the ALCE scale's construct validity and factor loadings. The
study employed principal components analysis and direct,
oblique rotation methods. The results indicated that the
scale would meet the validity criteria if four items (T9, T10,
T11, and T12) were removed due to their overlap, low fac-
tor loadings, and insufficient total variance explained. For
the remaining 11 items, the Kaiser-Meyer Olkin (KMO)
sampling adequacy value was calculated. According to the
literature, a KMO value of at least 0.500 is expected, and
Tartlett's should yield a significant result (p<0.05) [79]. In
this study, the KMO value for the ALCE scale was found to
be 0.821, and Bartlett's Test was significant (x*(55)=697.077,
p<0.05). Thus, it was concluded that the scale met the sam-
pling adequacy requirements. A KMO value between 0.800
and 0.900 indicates that the sampling adequacy is catego-
rized as "Very Good" [77, 78].

The analysis revealed that the ALCE scale consisted of
two sub-dimensions (factors): 'Caring (Factor 1)' and 'Prefer-
ring (Factor 2)' within the context of CE attitudes. The overall
validity of the ALCE scale was determined to be 51.041. The
sub-dimensional structure of the scale and the EFA results
are presented in Table 4. Given that the construct validity ex-
ceeded 50% and the factor loadings of the items were more
significant, outstanding 0.450, it more significantly conclud-
ed that the ALCE scale satisfied the EFA conditions [79].

Cronbach's Alpha reliability analysis was conduct-
ed to assess the reliability of the ALCE scale. The analysis
revealed that the study coefficient for the 11 items of the
scale was a=0.782. According to George and Mallery [80], a
Cronbach's Alpha value between 0.700 and 0.900 indicates
the iteration, suitable means, and its sub-dimension added
as a reliable requirement tool.
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Table 4. Results of factor analysis of the ALCE scale

Items

Factor1 Factor 2

Al Buildings and building elements/components must be Flexible/Adaptable
A2 The buildings and building elements/components must be undamaged and easily dismantled

A3 Buildbuilding elements/components must be reusable for the same or different purposes at the end

of their service (use) period.

A4 It is essential that building components/materials must be processed and recyclable for the same or

different purposes at the end of their service life.

A5 In selecting building components/materials, it is essential to prefer those that are recyclable (do not
contain toxic/harmful substances and can be decomposed).

A6 Buildings and elements/components must require minimal maintenance and are easy to repair.

A7 Architects must play an active role in the implementation of circular building principles such as

0.705
0.584
0.726

0.756

0.764

0.677
0.705

"Flexibility/ Adaptability,” "Easy Dismantling," "Reuse,"” "Recycling," "Easy Maintenance-Repair," and

"Minimum Constructional Waste Generation."

A8 It is essential that compulsory courses on circular building principles such as "Flexibility/
Reuse," "Recycling," "Easy Maintenance-Repair," and

"o

Adaptability," "Easy Dismountability,

0.664

"Minimum Structural Waste Generation" must be given in architecture departments in Tiirkiye.

Al3
and cutting wastes.

Al4
to the aesthetics.

Al5
cheapness.

Eigenvalue
Variance Explained

Total Variance Explained

I prefer modular design based on element/component dimensions and standards to prevent crushing
In selecting the elements components, I prefer the longevity (durability) of the elements/components

In selecting components, I prefer the longevity (durability) of the elements/components over their

0.702

0.735

0.788

4.013 1.601
36.483 14.558
51.041

ALCE: Level of Architects' Attitude towards CE.

In conclusion, the KLCE and ALCE scales, developed
for analyzing the relevant data, are considered valid and re-
liable instruments for testing the hypotheses and achieving
the research objectives.

2.7. Data Analysis

In this study, the data collected using the KLCE and
ALCE scales were analyzed independently and about de-
mographic characteristics using IBM SPSS-25 software.
After developing the scales, the relationships and effects of
the dependent variables—both among themselves and the
independent variables—were analyzed to test the research
hypotheses.

The survey included a 'No Answer' option for partic-
ipants who did not wish to respond to specific questions.
This option was included in the data analysis to preserve the
integrity of the dataset and minimize the impact of extreme
values. For items utilizing a 5-point Likert scale, the No
Answer' response was coded as 3, corresponding to 'Unde-
cided' in the dataset. For the demographic items (indepen-
dent variables), the 'No Answer' responses were assigned
the mean value of the relevant variable in the dataset.

After calculating the mean scores for the items in the
KLCE and ALCE scales, the normality of the scale data
was assessed. In the survey with 220 participants, the nor-
mality test revealed that the ALCE scale values were out-
side the acceptable range of +1 to -1. Consequently, the

5 participants with extreme values were removed from
the dataset, and the normality test was performed on the
remaining 215 participants. The skewness value for the
KLCE scale was 0.896, and the kurtosis value was 0.698.
The skewness value for the ALCE scale was -0.575, and
the kurtosis value was -0.341. Based on these results, it
was concluded that the data from the 215 participants fol-
lowed a normal distribution [80]. Given the normal distri-
bution of the data, parametric analyses were chosen to test
the study's hypotheses.

3. RESULTS AND DISCUSSION

3.1. The Effect of KLCE on ALCE (H1)

A simple linear regression analysis was conducted to
test hypothesis H1 (whether an increase in an architect's
knowledge of CE significantly improves their attitude to-
ward it).

This analysis aimed to determine whether the indepen-
dent variable, KLCE, significantly influences the dependent
variable, ALCE, and to assess the strength of this effect. The
results of the analysis are presented in Table 5.

As shown in Table 5, the model was found to be sig-
nificant (p<0.05), with the independent variable explaining
5% of the variance in the dependent variable (R*=0.050).
Therefore, it was concluded that KLCE had a statistically
significant but weak effect on ALCE [79]. The regression
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Table 5. Results of regression analysis showing the effect of KLCE on ALCE

Dependent  Independent Unstandardized Standardize 95% Confidence Interval
Variable Variable Coefficients Coefficients for b
b Std. Error B t P Lower Upper
ALCE (Constant) 47.058 0.903 52.097 0.000 45.278 48.839
KLCE 0.107 0.032 0.225 3.363 0.001 0.044 0.170

Note(s): n=215; F(1, 213)= 11,307, p=0.001; R?*=0.050; Durbin-Watson= 1.732; Cook's Distance 0.000 to 0,111; Std. Residual -2.642 to 2-202. KLCE: Level of
Architects' Knowledge about CE; ALCE: Level of Architects’ Attitude towards CE.

Figure 2. Results of regression analysis showing the effect of KLCE on ALCE.

KLCE: Level of Architects' Knowledge about CE; ALCE: Level of Architects' Attitude towards CE.

equation between KLCE and ALCE was determined to be
y=47.06 + 0.11 * x. According to this equation, for each
1-unit increase in KLCE, ALCE increases by 0.11 units.
Within the 95% confidence interval, a 1-unit increase in
KLCE also results in an iLCE ranging from 0.044 to 0.170
units. The relationship between the two variables is also de-
picted in Figure 2.

Based on the regression analysis findings, the level of
architects' knowledge about CE has a statistically significant
but weak effect on their attitude towards CE. Consequently,
hypothesis H1 was accepted, and it was concluded that only
5% of the architects' attitudes toward CE were attributed to
their knowledge of CE. This suggests that architects with
higher CE knowledge will exhibit a positive but weak atti-
tude towards CE.

3.2. The Effect of Age on KLCE and ALCE (H2)

To test hypothesis H2 (The age of an architect signifi-
cantly affects their KLCE and ALCE scores), a MANO-
VA test was conducted using one independent variable
(Age) and two dependent variables (KLCE and ALCE).
This analysis aimed to determine whether age signifi-
cantly affects KLCE and ALCE scores and to assess the
strength of any observed effects. The results of the test
are presented in Table 6.

Table 6 indicates a significant difference (p=0.038) in
the KLCE means based on the age of the architects (inde-
pendent variable). The Partial Eta-Squared (np?) value, cal-
culated to determine the effect size, was 0.047. According
to the literature, np”> = 0.0099 is considered a small effect,
np> = 0.0588 a moderate effect, and np>>0.1379 a signifi-
cant effect [81, 82]. Based on these benchmarks, the anal-
ysis revealed that age has a substantial and moderate effect
on their level of knowledge about CE.

However, the Gabriel post-hoc analysis results, con-
ducted to identify specific age group differences in KLCE
means, showed that the significant difference was only be-
tween architects in the 46-55 age group and those in the
26-35 age group. Specifically, architects in the 46-55 age
group had a higher KLCE mean than those in the 26-35
age group (mean difference=4.5578, p=0.036). No signifi-
cant differences were observed between the KLCE means of
other age groups.

Table 6 also shows no significant differences in ALCE
means based on the age of the architects (p=0.238). This
indicates that architects' attitudes towards CE are not influ-
enced by age, and age does not affect ALCE scores.

The analysis indicates that age partially influences the
level of knowledge about CE (KLCE) but does not affect at-
titudes toward CE (ALCE).
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Table 6. MANOVA results showing the effect of Age on KLCE and ALCE scores

Effect Dependent Age n Mean sd df F p Significant qu
Variable Difference
20-25 Years 39 26.54 7.33
26-35 Years 76 26.36 7.17
KLCE 36-45 Years 31 28.97 5.55 4 2588 0.038 - 0.047
46-55 Years 23 30.91 5.50
55 Years or Above 46  27.11 6.94
Age 20-25 Years 39 49.69 3.58
26-35 Years 76 49.61 3.58
36-45 Years 31 49.90 3.00 4 1390 0.238 - 0.026
ALCE
46-55 Years 23 50.04 3.18
55 Years or Above 46  50.98 2.66

Note(s): KLCE max. Score 40, ALCE max. score 55; Box's test p=0.299; Leven's test p=0.313 for KLCE and p=0.093 for ALCE; Pillai's Trace test p=0.043.
MANOVA: Multivariate Analysis of Variance; KLCE: Level of Architects' Knowledge about CE; ALCE: Level of Architects' Attitude towards CE.

Table 7. MANOVA results showing the effect of Education Level on KLCE and ALCE scores

Effect Education Level

2

sd df F

Dependent n Mean P Significant n,
Variable Difference
Undergraduate 109 2598 7.29
PhD>
Master 61 29.62 6.04 .
KLCE 3 6332 o0 Undersraduates .00
PhD 20 30.80 5.51 Master>
Undergraduate
Education No Answer 25 25.56 5.70
Level Undergraduate 109 4997 346
Master 61 50.25 2.76
ALCE 3 0327 0.806 - 0.005
PhD 20 50.10 3.31
No Answer 25 49.48 3.82

Note(s): KLCE max. Score 40, ALCE max. score 55; Box's test p=0.222; Leven's test p=0.249 for KLCE and p=0.075 for ALCE; Pillai's Trace test p=0.005.
MANOVA: Multivariate Analysis of Variance; KLCE: Level of Architects' Knowledge about CE; ALCE: Level of Architects’ Attitude towards CE.

3.3. The Effect of Education Level on KLCE and ALCE

(H3)

To test hypothesis H3 (The education level of an archi-
tect significantly affects their KLCE and ALCE scores), a
MANOVA test was conducted using one independent vari-
able (Education Level) and two dependent variables (KLCE
and ALCE). This analysis aimed to determine whether edu-
cation level significantly influences KLCE and ALCE scores
and to evaluate the strength of any observed effects. The
results of the test are presented in Table 7.

Table 7 indicates significant differences (p=0.000) in the
KLCE means based on the education levels of the archi-
tects (independent variable). The Partial Eta-Squared (np*)
value, which measures the effect size, was calculated to be
0.083. According to established benchmarks, this suggests
that the education level of architects has a significant and
moderate effect on their knowledge level about CE [81, 82].

However, post-hoc analysis using the Gabriel test, con-
ducted to identify specific differences between education
level groups, revealed no significant difference between
the mean KLCE scores of the PhD and Master's groups

(p=0.979). Significant differences were observed only be-
tween the undergraduate PhD and Master's groups. Specif-
ically, the PhD and Master's groups had higher KLCE mean
scores than the Undergraduate group (PhD vs. Undergrad-
uate mean difference=4.8183, p=0.009; Master vs. Under-
graduate mean difference=3.6413, p=0.004).

Table 7 also shows no significant differences in the
ALCE means based on the education levels of the architects
(p>0.05). This indicates that architects' attitudes towards
CE are not influenced by their education level, and educa-
tion level does not affect ALCE scores.

As a result, the analysis reveals that the education level of
architects significantly impacts their knowledge level about CE
(KLCE). Still, it has no significant relationship with attitudes
towards CE (ALCE). As such, hypothesis H3 is not accepted.

3.4. The Effect of Working Period on KLCE and ALCE

(H4)

To test hypothesis H4 (The working period of an ar-
chitect as an architect significantly affects the effects their
MANOVA test was conducted with one independent vari-
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Table 8. MANOVA results showing the effect of the Working Period on KLCE and ALCE scores

Effect Dependent  Working Period n Mean sd df F p Significant qu
Variable as Architect Difference
1-4 Years 60 26.05 7.48 (10-20
5-9 Years 35 2737 7.07 Years) > (No
KLCE 10-20 Years 32 2981 549 4 3771 0.006 &EXZIZ);) 0.067
Working Above 20 Years 62 28.84 6.46 Years) >
Period No Answer 26 2427 6.23 (No Answer)
as ) 1-4 Years 60 49.55 3.19
Architect 5-9 Years 35 5023 368
ALCE 10-20 Years 32 50.44 3.23 4 2.224 0.068 - 0.041
Above 20 Years 62 50.66 2.79
No Answer 26 48.65 3.84

Note(s): KLCE max. score 40, ALCE max.s core scorebox's scorebox's5 score ven's test p=0.458 for KLCE and p=0.042 for ALCE; Pillai's Trace test p=0.012.
MANOVA: Multivariate Analysis of Variance; KLCE: Level of Architects' Knowledge about CE; ALCE: Level of Architects' Attitude towards CE.

Table 9. MANOVA results showing the effect of Working Area on KLCE and ALCE scores

Effect Dependent Working Area n Mean sd df F p Significant '1,,2
Variable as Architect Difference
Public 19 29.68 6.38
Organisation
Private 72 27.11 6.34
Organisation
KLCE Own Company 61 28.49 7.04 5 2154 0.060 - 0.049
Mixed/Different 18 28.83 6.71
Not Working 28 24.71 7.68
Working No Answer 17 2524 671
Area as )
Architect Public 19 49.32 4.07
Organisation
Private 72 49.99 3.22
Organisation
ALCE Own Company 61 50.74 2.99 5 1.141 0.340 - 0.027
Mixed/Different 18 49.94 3.28
Not Working 28 49.25 3.09
No Answer 17 49.53 3.95

Note(s): KLCE max. score 40, ALCE max .score 55; Box's test p=0.4 40; Leven's test p=0.810 for KLCE and p=0.314 for ALCE; Pillai's Trace test p=0.126.
MANOVA: Multivariate Analysis of Variance; KLCE: Level of Architects' Knowledge about CE; ALCE: Level of Architects’ Attitude towards CE.

able (Working Period) and two dependent variables (KLCE
and ALCE). This analysis aimed to determine whether the
working period significantly affects KLCE and ALCE scores
and assess the effects of the fed. The results of the test are
presented in Table 8.

Table 8 shows significant differences (p=0.006) in the
KLCE means based on the working period of the archi-
tects (independent variable). The Partial Eta-Squared (np?)
value, used to measure the effect size, was calculated to
be 0.067. This suggests that the working period of archi-
tects has a significant and moderate effect on their Level of
Knowledge about CE [81, 82].

However, post-hoc analysis using the Gabriel test, con-
ducted to identify specific differences between working

period groups, revealed significant differences only be-
tween the "10-20 Years" and "Above 20 Years" groups and
the "No Answer" group. Specifically, architects in the "10-
20 Years" and "Above 20 Years" groups had higher KLCE
mean scores than those who chose the "No Answer" option
(mean difference for "10-20 Years" - "No Answer"'=5.5433,
p=0.019; mean difference for "Above 20 Years" - "No An-
swer'=4.5695, p=0.032). No significant differences were ob-
served between the KLCE means of other working period
groups. Given that there were significant differences only
among architects who selected the "No Answer" option, and
considering the uncertainty regarding the working period
of these architects, this important difference was not ac-
cepted in the study.
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Table 8 also indicates that significant differences in
ALCE means are based on the architects' working years,
which is 0.05. This suggests that architects' attitudes to-
wards CE are not influenced by their working experience.
The length of the working period does not affect the results.

As a result, the analysis reveals that the working period
of the architects significantly affects their Level of Knowl-
edge about CE (KLCE), but it has no. Still, itnship with their
L—still Attitude towards CE (ALCE). Therefore, hypothesis
H4 is not accepted.

3.5. The Effect of Working Area on KLCE and ALCE

(H5)

To test hypothesis H5 (The working area of an archi-
tect as an architect significantly affects their KLCE and
ALCE scores), a MANOVA test was conducted with one
independent variable (Working Area) and two depen-
dent variables (KLCE and ALCE). This analysis aimed to
determine whether the working area significantly affects
KLCE and ALCE scores and, if so, to assess the strength
of any observed effects. The results of the test are present-
ed in Table 9.

Table 9 indicates no significance (p>0.05) between
the KLCE and ALCE means based on the working area of
the architects as an architect. This suggests that architects'
knowledge about CE and their attitude towards CE are not
influenced by their working area, and the working area does
not affect KLCE and ALCE scores.

As a result, the analysis shows that neither the level of
knowledge about CE nor the attitude towards CE is related
to the working area of architects. Based on these results, hy-
pothesis H5 is not accepted.

4. CONCLUSIONS

The Circular Economy (CE) model aims to promote
Sustainability by providing solutions that minimize envi-
ronmental and ecological degradation. In the built envi-
ronment, architects can play a crucial role in reducing the
ecological damage primarily caused by the construction
industry.

However, to effectively perform this role, architects must
possess the necessary awareness (both knowledge and atti-
tude) to implement the CE model, a new paradigm within
the built environment. A comprehensive understanding of
architects' CE awareness is vital to identify their strengths
and weaknesses, understand existing challenges and barri-
ers, and improve their performance by addressing the gaps
in their knowledge and practices.

This study evaluated CE awareness among architects in
Tiirkiye. There is a gap in the literature regarding compre-
hensive studies that explore architects' awareness of CE and
their demographic characteristics. Therefore, the primary
objective of this study was to determine the knowledge and
attitudes of architects toward CE principles and strategies in
the built environment. The study focused on two awareness
variables (knowledge and attitude) and five demographic
variables (age, education level, working period, and work-

ing area). Based on this framework, five hypotheses were

formulated to guide the study.

The first step involved developing a reliable and val-
id scale to measure architects' knowledge and attitudes
regarding CE. Using this scale, a survey was conducted
among architects in Tiirkiye, and the collected data revealed
the levels of their knowledge and attitudes toward CE. The
findings showed that although most architects acknowledge
the importance of CE, their knowledge remains relatively
low. This suggests that although architects adopt CE prin-
ciples, their knowledge is not sufficiently reflected in their
preferences and practices. To address this gap, educational
institutions and relevant organizations should focus on cre-
ating programs that educate architects about CE and equip
them to apply this knowledge in their projects effectively.

After determining the knowledge and attitude levels, the
study explored the factors and reasons behind these results.
It examined the relationships between the two awareness
variables and the significant effects of various demographic
characteristics on knowledge and attitudes levels.

The findings of this study provide valuable insights into
the role of architects in advancing CE within the built en-
vironment in Tiirkiye. The research observed that while
architects care about and adopt CE, they lack sufficient
knowledge to translate these attitudes into action. There-
fore, future research could investigate the barriers prevent-
ing architects from translating their strong interest in CE
into practice by enhancing their knowledge.

4.1. General Implications
o Correlation between Knowledge and Attitude: In-

creased knowledge of CE among architects has a slight

but significant positive impact on their attitude toward

CE, making them more likely to successfully implement

it in their professional practice.

» Age and CE Knowledge and Attitude: Architects aged
46-55 had higher CE knowledge than those aged 26-35,
with no significant differences in other age groups or
attitudes. Age partially affects knowledge but not atti-
tudes. Increasing knowledge, especially for architects
under 45, could enhance CE implementation in Tiirki-
ye's construction sector.

+ Education Level and CE Knowledge and Attitude: Ar-
chitects with doctoral or master's degrees had higher
CE knowledge than those with undergraduate degrees.
However, no significant differences were found between
doctoral and master's holders or in attitudes based on
education. Education level affects knowledge but not at-
titudes. Raising architects' education levels could help
overcome barriers to CE implementation in Tiirkiye's
construction sector.

« Working Period and CE Knowledge and Attitude: Ar-
chitects with over 10 years of work experience had high-
er CE knowledge than those who selected "No Answer,"
but no significant differences were found among the
other working period groups. Knowledge and attitudes
toward CE were not significantly influenced by profes-
sional experience, indicating that CE awareness is inde-
pendent of tenure in architecture.
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o Working Area and CE Knowledge and Attitude: The
study revealed that architects' knowledge and attitudes
regarding CE are not influenced by their working areas.

4.2. Future Directions

Stakeholder Engagement: The findings of this study
can be beneficial for various stakeholders, including gov-
ernments, universities, local authorities, NGOs, and other
building professionals. These groups can use the insights to
evaluate the current state of CE awareness among architects
and identify areas for improvement. Moreover, the study
can serve as a foundation for future research on CE in Tiir-
kiye and inform policy decisions to promote Sustainability
in the construction industry.

Addressing Knowledge Gaps: Although architects ex-
press interest in CE and its importance, they often lack the
knowledge necessary to apply it, i.e., This research under-
scores the need for further investigation into the barriers
preventing architects from converting their positive atti-
tudes into actionable knowledge. Identifying these barriers
will be critical for creating targeted interventions.

Education and Training: One of the most effective ways
to bridge the knowledge gap is through education. The
study highlights the importance of integrating CE princi-
ples into architectural education, particularly at the under-
graduate level. Including CE-related courses in degree pro-
grams would provide future architects with the necessary
tools to understand and apply these principles. Additional-
ly, architecture students could be encouraged to participate
in pro focusing on CE strategies, offering hands-on experi-
ence with sustainable design practices.

Professional Development: To further enhance archi-
tects' knowledge and attitudes towards CE, organizing in-
teractive learning opportunities such as field studies, sem-
inars, workshops, and collaborative projects is essential.
These initiatives would provide architects with practical
knowledge and exposure to CE principles, helping to foster
a culture of Sustainability within the profession.

ACKNOWLEDGMENTS

Ethical approval for the survey was granted by the Publi-
cation and Research Ethics Committee of the Faculty of Sci-
ence and Engineering at SGSU in a letter dated 18/11/2023
(ref. 15207191-604.01.03-138770). We thank all the archi-
tects who participated in the face-to-face interviews and the
online survey conducted as part of this research project.

ETHICS

There are no ethical issues with the publication of this
manuscript.

DATA AVAILABILITY STATEMENT

The authors confirm that the data that supports the
findings of this study are available within the article. Raw
data that support the finding of this study are available from
the corresponding author, upon reasonable request.

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest.

FINANCIAL DISCLOSURE

The authors declared that this study has received no fi-
nancial support.

USE OF Al FOR WRITING ASSISTANCE
Not declared.

PEER-REVIEW

Externally peer-reviewed.

REFERENCES

[1]  Ecorys. (2014). Resource efficiency in the building
sector. Copenhagen Resource Institute.

[2] Krausmann, F., Wiedenhofer, D., Lauk, C., Haas,
W., Tanikawa, H., Fishman, T., & Haberl, H. (2017).
Global socioeconomic material stocks rise 23-fold
over the 20™ century and require half of annual
resource use. Proc Natl Acad Sci USA, 114, 1880-
1885. [CrossRef]

[3] Thelen, D., van Acoleyen, M., Huurman, W., Thom-
as, T., van Brunschot, C., Edgerton, B., & Kubbinga,
B. (2018). Scaling the circular built environment. Ar-
cadis; Circle Economy.

[4] Norouzi, M., Chafer, M., Cabeza, L. F, Jiménez, L.,
& Boer, D. (2021). Circular economy in the building
and construction sector: A scientific evolution anal-
ysis. J Build Eng, 44, 102704. [CrossRef]

[5] Murray, K., Skene, K., & Haynes, K. (2017). The cir-
cular economy: An interdisciplinary exploration of
the concept and application in a global context. ] Bus
Ethics, 140, 369-380. [CrossRef]

[6] Avdiushchenko, A. (2018). Toward a circular econ-
omy regional monitoring framework for European
regions: A conceptual approach. Sustainability, 10,
4398. [CrossRef]

[7] Ranta, V., Aarikka-Stenroos, L., Ritala, P,, & Maki-
nen, S. J. (2018). Exploring institutional drivers and
barriers of the circular economy: A cross-regional
comparison of China, the US, and Europe. Resour
Conserv Recycl, 135, 70-82. [CrossRef]

[8] Anastasiades, K., Blom, J., Buyle, M., & Auden-
aert, A. (2020). Translating the circular economy to
bridge construction: Lessons learned from a critical
literature review. Renew Sustain Energy Rev, 117,
109522. [CrossRef]

[9] Hossain, M. U,, Ng, S. T., Antwi-Afari, P, & Amor,

B. (2020). Circular economy and the construction

industry: Existing trends, challenges and prospec-

tive framework for sustainable construction. Renew

Sustain Energy Rev, 130, 109948. [CrossRef]

Guerra, B. C., & Leite, F. (2021). Circular econo-

my in the construction industry: An overview of

United States stakeholders' awareness, major chal-

lenges, and enablers. Resour Conserv Recycl, 170,

105617. [CrossRef]

MacArthur, E. (2013). Towards the circular econo-

my. ] Ind Ecol, 2, 23-44.

(10]

(11]


https://doi.org/10.1073/pnas.1613773114
https://doi.org/10.1016/j.jobe.2021.102704
https://doi.org/10.1007/s10551-015-2693-2
https://doi.org/10.3390/su10124398
https://doi.org/10.1016/j.resconrec.2017.08.017
https://doi.org/10.1016/j.rser.2019.109522
https://doi.org/10.1016/j.rser.2020.109948
https://doi.org/10.1016/j.resconrec.2021.105617

90

J Sustain Const Mater Technol, Vol. 10, Issue. 1, pp. 79-92, March 2025

(12]

[13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

Ellen MacArthur Foundation. (2021). Circular econ-
omy glossary. https://ellenmacarthurfoundation.
org/topics/circular-economy-introduction/glossary
Geissdoerfer, M., Savaget, P., Bocken, N. M. P, &
Hultink, E. J. (2017). The circular economy - A new
sustainability paradigm? J Clean Prod, 143, 757-
768. [CrossRef]

Wijewansha, A. S., Tennakoon, G. A., Ekanayake, B.
J., & Waidyasekara, K. G. A. S. (2021). Implementa-
tion of circular economy principles during pre-con-
struction stage: The case of Sri Lanka. Built Environ
Proj Asset Manag, 11, 750-766. [CrossRef]
Andriulaityté, A., & Valentukeviciene, M. (2020).
Circular economy in buildings. Bud Zoptymaliz Po-
tencj Energ, 9, 23-29. [CrossRef]

Benachio, G. L. F, Freitas, M. C. D., & Tavares, S.
E (2020). Circular economy in the construction in-
dustry: A systematic literature review. J Clean Prod,
121046. [CrossRef]

Ginga, P, Ongpeng, ]. M. C., & Daly, M. K. M.
(2020). Circular economy on construction and dem-
olition waste: A literature review on material recov-
ery and production. Materials, 13, 2970. [CrossRef]
Dongez, N., Manisa, K., & Basdogan, S. (2021).
Tendency to circular economy: Reuse of architec-
tural elements. Enquiry: ARCC J Archit Res, 18, 73-
93. [CrossRef]

Kirchherr, J., Reike, D., & Hekkert, M. (2017). Con-
ceptualizing the circular economy: An analysis of
114 definitions. Resour Conserv Recycl, 2017, 221-
232. [CrossRef]

Reike, D., Vermeulen, W. J., & Witjes, S. (2018). The
circular economy: New or refurbished as CE 3.0?
Exploring controversies in the conceptualization of
the circular economy through a focus on history and
resource value retention options. Resour Conserv
Recycl, 135, 246-264. [CrossRef]

Vermeulen, W. J. V,, Reike, D., & Witjes, S. (2018).
Circular economy 3.0: Getting beyond the messy
conceptualization of circularity and the 3R's, 4R's
and more. CEC4Europe Factbook. Circular Economy
Coalition for Europe, Vienna, Austria, 1-6.

Ekins, P, Domenech, T., & Drummond, P. (2019).
Policies for a resource efficient economy in Europe:
Findings from the POLFREE project. Ecol Econ, 155,
1-6. [CrossRef]

De Pascale, A., Arbolino, R., Szopik-Depczynska,
K., Limosani, M., & Ioppolo, G. (2021). A systematic
review for measuring circular economy: The 61 in-
dicators. J Clean Prod, 281, 124942. [CrossRef]

Mrad, M., & Ribeiro, L. F. (2022). A review of Eu-
rope's circular economy in the building sector. Sus-
tainability, 14, 14211. [CrossRef]

Ellen MacArthur Foundation. (n.d.). Towards the
circular economy: Opportunities for the consumer
goods sector. https://www.ellenmacarthurfounda-
tion.org/towards-the-circular-economy-vol-2-op-
portunities-for-the-consumer-goods

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

Ghisellini, P, Cialani, C., & Ulgiati, S. (2016). A re-
view on circular economy: The expected transition
to a balanced interplay of environmental and eco-
nomic systems. ] Clean Prod, 114, 11-32. [CrossRef]
Pomponi, E, & Moncaster, A. (2017). Circular econ-
omy for the built environment: A research frame-
work. J Clean Prod, 143, 710-718. [CrossRef]

Adams, K., Osmani, M., Thorpe, T., & Thornback, J.
(2017). Circular economy in construction: Current
awareness, challenges and enablers. Proc Inst Civ
Eng Waste Resour Manag, 170, 15-24. [CrossRef]
Smol, M., Kulczycka, J., Henclik, A., Gorazda, K,
& Wzorek, Z. (2015). The possible use of sewage
sludge ash (SSA) in the construction industry as a
way towards a circular economy. J Clean Prod, 95,
45-54, [CrossRef]

Leising, E., Quist, J., & Bocken, N. (2018). Circu-
lar economy in the building sector: Three cases
and a collaboration tool. J Clean Prod, 176, 976-
989. [CrossRef]

Dewi, R., Arfani, J. W,, & Herawan, D. (2022). A
study of circular economy awareness in university
students: The assessment of knowledge, attitude and
behavior. ] World Trade Stud, 7, 1-17. [CrossRef]
Rodrigues, S., Costa, B. J., Moreno, P., & Moreno, P.
(2020). Circular economy: A perspective of builders,
architects, and consumers in the Panama construc-
tion sector. In Mapping, managing, and crafting sus-
tainable business strategies for the circular economy
(pp- 316-337). IGI Global. [CrossRef]

Stoiljkovi¢, B., Petkovi¢, N., Krsti¢, H., & Petrovié, V.
(2023). Application of circular economy principles
to architectural design: A case study of Serbia. Build-
ings, 13, 1990. [CrossRef]

Guy, B., Shell, S., & Esherick, H. (2006). Design for
deconstruction and material reuse. Proc CIB Task
Group, 39, 189-209.

Zimmann, R., O'Brien, H., Hargrave, J., & Morrell,
M. (2016). The circular economy in the built environ-
ment. Arup, London, UK.

Shooshtarian, S., Caldera, S., Magsood, T., Ryley, T.,
Wong, P. S., & Zaman, A. (2022). Analysis of factors
influencing the creation and stimulation of the Aus-
tralian market for recycled construction and demo-
lition waste products. Sustain Prod Consum, 34, 163-
176. [CrossRef]

Jayawardane, A. K. W. (1994). Are we aware of the
extent of wastage on our building construction sites?
Colombo, Institution of Engineers.

Chick, A., & Micklethwaite, P. (2004). Specifying re-
cycled: Understanding UK architects' and designers'
practices and experience. Design Studies, 25(3), 251-
273. [CrossRef]

Kulatunga, U., Amaratunga, D., Haigh, R., & Ra-
meezdeen, R. (2006). Attitudes and perceptions
of construction workforce on construction waste
in Sri Lanka. Manag Environ Qual Int ], 17, 57-
72. [CrossRef]


https://doi.org/10.1016/j.jclepro.2016.12.048
https://doi.org/10.1108/BEPAM-04-2020-0072
https://doi.org/10.17512/bozpe.2020.2.03
https://doi.org/10.1016/j.jclepro.2020.121046
https://doi.org/10.3390/ma13132970
https://doi.org/10.17831/enqarcc.v18i2.1089
https://doi.org/10.1016/j.resconrec.2017.09.005
https://doi.org/10.1016/j.resconrec.2017.08.027
https://doi.org/10.1016/j.ecolecon.2018.08.006
https://doi.org/10.1016/j.jclepro.2020.124942
https://doi.org/10.3390/su142114211
https://doi.org/10.1016/j.jclepro.2015.09.007
https://doi.org/10.1016/j.jclepro.2016.12.055
https://doi.org/10.1680/jwarm.16.00011
https://doi.org/10.1016/j.jclepro.2015.02.051
https://doi.org/10.1016/j.jclepro.2017.12.010
https://doi.org/10.22146/jwts.v7i1.3702
https://doi.org/10.4018/978-1-5225-9885-5.ch015
https://doi.org/10.3390/buildings13081990
https://doi.org/10.1016/j.spc.2022.09.005
https://doi.org/10.1016/j.destud.2003.10.009
https://doi.org/10.1108/14777830610639440

J Sustain Const Mater Technol, Vol. 10, Issue. 1, pp. 79-92, March 2025

91

(40]

(41]

(42]

(43]

(44]

(45]

[46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

Osmani, M., Glass, J., & Price, A. (2006). Architect and
contractor attitudes to waste minimisation. In Proc Inst
Civ Eng Waste Resour Manag, 159, 65-72. [CrossRef]
Osmani, M., Glass, J., & Price, A. D. (2008). Archi-
tects' perspectives on construction waste reduction
by design. Waste Manag, 28, 1147-1158. [CrossRef]
Liu, Y., & Bai, Y. (2014). An exploration of firms'
awareness and behavior of developing circular econ-
omy: An empirical research in China. Resour Con-
serv Recycl, 87, 145-152. [CrossRef]

Khalfan, M., Noor, M. A., Magsood, T., Alshanbri,
N., & Sagoo, A. (2015). Perceptions towards sustain-
able construction amongst construction contractors
in State of Victoria, Australia. ] Econ Bus Manag, 3,
940-947. [CrossRef]

Forghani, R., Sher, W,, Kanjanabootra, S., & Totoev,
Y. (2018). The attitudes of demolition contractors
to reusing building components: A study in New
South Wales, Australia. Eur J Sustain Dev, 7, 364-
370. [CrossRef]

Mat'ova, K., & Kaputa, V. (2018). Attitudes of active
and upcoming architects towards wood: The case
study in Slovakia. Acta Fac Xylologiae, 60, 197-207.
Conroy, K. J., Riggio, M., & Knowles, C. (2019). Per-
ceptions of the environmental and health impacts
of wood product use in buildings: A survey among
architects on the United States West Coast. BioProd-
ucts Bus, 4, 109-124.

Camon Luis, E., & Celma, D. (2020). Circular econ-
omy: A review and bibliometric analysis. Sustain-
ability, 12, 6381. [CrossRef]

Salgin, N., Cosgun, C. A, Ipekci, T. T., & Karadayi,
T. T. (2020). Turkish architects' views on construc-
tion and demolition waste reduction in the design
stage. Environ Eng Manag J, 19, 439-452. [CrossRef]
Dadzoe, E, Addy, M., Duah, D. Y. A,, & Adesi, M.
(2024). Towards a circular economy: A knowl-
edge-attitude gap between demand and supply-side
operators on green building construction in Ghana.
Smart Sustain Built Environ, 13, 763-779. [CrossRef]
Mykkinen, J., & Repo, P. (2021). Consumer per-
spectives on arranging circular economy in Finland.
Sustain Sci Pract Pol, 17, 349-361. [CrossRef]

Hao, J. L., Yu, S., Tang, X., & Wu, W. (2022). Deter-
minants of workers' pro-environmental behaviour
towards enhancing construction waste manage-
ment: Contributing to China's circular economy. ]
Clean Prod, 369, 133265. [CrossRef]

Harju, C., & Lahtinen, K. (2022). Consumers' con-
sciousness for sustainable consumption and their
perceptions of wooden building product quality.
Forest Prod ], 72, 115-169. [CrossRef]

Hild, P. (2023). The circular economy and circular
building practices in Luxembourg. Springer. [CrossRef]
Wallius, V., Kunttu, J., Leskinen, P, Van Brusselen,
J., & Nayhd, A. (2023). Stakeholder perceptions of
wood-based products in the built environment: A
literature review. Eur ] Wood Wood Prod, 81(2), 287-
299. [CrossRef]

(55]

(56]

(57]

(58]

(59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Amudjie, J., Agyekum, K., Adinyira, E., Amos-Aban-
yie, S., & Kumah, V. M. A. (2023). Awareness and
practice of the principles of circular economy among
built environment professionals. Built Environ Proj-
ect Asset Manag, 13(1), 140-156. [CrossRef]

Cigekei, H. A. (2023). Dongiisel yapilar: Dongii-
sel yapilar iizerine 6grenci pratikleri tizerinden bir
degerlendirme. In XIII. Uluslararas: Sinan Sem-
pozyumu (pp. 85-96). Trakya Universitesi.
Bayraktaroglu, S., & Soylu, Y. (2024). Circular
economy awareness and motivations in the fur-
niture industry: Inegél as a microcosm of global
south dynamics. Furnit Wood Mat Res ], 7(1), 38-
53. [CrossRef]

Deniz, O. S., & Oguz, Z. M. (2022). Istanbul'da mi-
marlarin (bina tasarimcilarinin) yap:r parcalarinin
yeniden kullamimi konusundaki goriis ve tutum-
larimin belirlenmesi. Mimar Sinan Fine Arts Uni-
versity.

Abdalla, A., Alagib, M. E. A,, & Balla, S. A. (2019).
Socio-demographic characteristics, risk factors and
awareness of adults hypertensive population in
Khartoum locality, 2014. ] Adv Med Med Res, 30(8),
1-9. [CrossRef]

Chirilli, Molino, M., & Torri, L. (2022). Consum-
ers' awareness, behavior and expectations for food
packaging environmental sustainability: Influence
of socio-demographic characteristics. Foods, 11(16),
2388. [CrossRef]

Babagoli, M. A, Chen, Y. H., Chakma, N., Islam, S.,
Naheed, A., & Boettiger, D. C. (2023). Association
of socio-demographic characteristics with hyper-
tension awareness, treatment, and control in Ban-
gladesh. ] Human Hypertens, 37, 993-999. [CrossRef]
Tilaki, K. H., & Auladi, S. (2015). Awareness, atti-
tude, and practice of breast cancer screening wom-
en, and the associated socio-demographic charac-
teristics, in northern Iran. Iran | Cancer Prev, 8(4),
€3429. [CrossRef]

Aktamis, H. (2011). Determining energy saving be-
havior and energy awareness of secondary school
students according to socio-demographic charac-
teristics. Educ Res Rev, 6(3), 243-250.

Uddin, M. N., Bhar, S., & Islam, F. M. A. (2019).
An assessment of awareness of mental health con-
ditions and its association with socio-demographic
characteristics: A cross-sectional study in a rural
district in Bangladesh. BMC Health Serv Res, 19,
1-11. [CrossRef]

Karytsas, S., & Theodoropoulou, H. (2014). So-
cioeconomic and demographic factors that influ-
ence publics' awareness on the different forms of
renewable energy sources. Renew Energy, 71, 480-
485. [CrossRef]

Libelo, H., & Tracy, S. (2022). Establishing a rela-
tionship between demographic factors and students'
environmental awareness. | Stud Research, 11(1),
1-12. [CrossRef]


https://doi.org/10.1680/warm.2006.159.2.65
https://doi.org/10.1016/j.wasman.2007.05.011
https://doi.org/10.1016/j.resconrec.2014.04.002
https://doi.org/10.7763/JOEBM.2015.V3.313
https://doi.org/10.14207/ejsd.2018.v7n3p364
https://doi.org/10.3390/su12166381
https://doi.org/10.30638/eemj.2020.042
https://doi.org/10.1108/SASBE-03-2022-0048
https://doi.org/10.1080/15487733.2021.1977500
https://doi.org/10.1016/j.jclepro.2022.133265
https://doi.org/10.13073/FPJ-D-22-00014
https://doi.org/10.1007/s43615-023-00256-3
https://doi.org/10.1007/s00107-022-01905-4
https://doi.org/10.1108/BEPAM-11-2021-0135
https://doi.org/10.33725/mamad.1474192
https://doi.org/10.9734/jammr/2019/v30i830225
https://doi.org/10.3390/foods11162388
https://doi.org/10.1038/s41371-023-00815-z
https://doi.org/10.17795/ijcp.3429
https://doi.org/10.1186/s12913-019-4385-6
https://doi.org/10.1016/j.renene.2014.05.059
https://doi.org/10.47611/jsrhs.v11i1.2282

92

J Sustain Const Mater Technol, Vol. 10, Issue. 1, pp. 79-92, March 2025

(67]

(68]

[69]

(70]

(71]

(72]

(73]

(74]

Saruhan, $. C., & Ozdemirci, A. (2016). Bilim, felsefe ve
metodoloji. Beta Yayinlar1.

Tirk Mithendis ve Mimar Odalar1 Birligi. (2024). TM-
MOB'ye bagl odalarn iiye sayis: 677 bin oldu. http://
www.tmmob.org.tr/icerik/tmmobye-bagli-odalarin-
uye-sayisi-677-bin-oldu

Eberhardt, L. C. M., Birkved, M., & Birgisdottir, H.
(2022). Building design and construction strategies for
a circular economy. Archit Eng Des Manag, 18(2), 93-
113. [CrossRef]

Joensuu, T., Edelman, H., & Saari, A. (2020). Circular
economy practices in the built environment. J Clean
Prod, 276, 124215. [CrossRef]

Finch, G., Marriage, G., Pelosi, A., & Gjerde, M. (2021).
Building envelope systems for the circular economy:
Evaluation parameters, current performance and key
challenges. Sustainable Cities Soc, 64, 102561. [CrossRef]
Cimen, O. (2021). Construction and built environ-
ment in circular economy: A comprehensive literature
review. ] Clean Prod, 305, 127180. [CrossRef]

Rahla, K. M., Braganga, L., & Mateus, R. (2021). Prac-
tical strategies for embodying the circular economy
concept in the construction sector. In Sustainable ur-
ban development: Topics, trends and solutions (pp. 15-
21). IOP Publishing. [CrossRef]

Tserng, H. P, Chou, C. M., & Chang, Y. T. (2021). The
key strategies to implement circular economy in build-

(75]

[76]

(77]

(78]

(79]

(80]

(81]

(82]

ing projects-A case study of Taiwan. Sustainability,
13(2), 754. [CrossRef]

Wijewansha, A. S., Tennakoon, G. A., Ekanayake, B. J.,
& Waidyasekara, K. G. A. S. (2021). Implementation of
circular economy principles during pre-construction
stage: The case of Sri Lanka. Built Environ Proj Asset
Manag, 11(4), 750-766. [CrossRef]

Garusinghe, G. D. A. U, Perera, B. A. K. S., & Weer-
apperuma, U. S. (2023). Integrating circular economy
principles in modular construction to enhance sus-
tainability. Sustainability, 15, 11730. [CrossRef]

Kaiser, H. E, & Rice, J. (1974). Little Jiffy, Mark IV.
Educ Psychol Meas, 34, 111-117. [CrossRef]

Akgill, A., & Cevik, O. (2003). Istatistiksel analiz
teknikleri: SPSS te isletme yonetimi uygulamalari. Emek
Ofset.

Bytikoztiirk, S. (2011). Sosyal bilimler icin veri analizi
el kitab: - Istatistik, arastirma deseni, SPSS uygulama-
lar1 ve yorum (15. bask1). Pegem Akademi.

George, D., & Mallery, M. (2010). SPSS for Windows
step by step: A simple guide and reference, 17.0 update
(10" ed.). Pearson.

Cohen, J. (1969). Statistical power analysis for the be-
havioural sciences. Academic Press.

Richardson, J. T. E. (2011). Eta squared and partial eta
squared as measures of effect size in educational re-
search. Educ Res Rev, 6, 135-147. [CrossRef]


https://doi.org/10.1080/17452007.2020.1781588
https://doi.org/10.1016/j.jclepro.2020.124215
https://doi.org/10.1016/j.scs.2020.102561
https://doi.org/10.1016/j.jclepro.2021.127180
https://doi.org/10.1088/978-0-7503-3971-1ch15
https://doi.org/10.3390/su13020754
https://doi.org/10.1108/BEPAM-04-2020-0072
https://doi.org/10.3390/su151511730
https://doi.org/10.1177/001316447403400115
https://doi.org/10.1016/j.edurev.2010.12.001

